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Abstract 
This guide describes the benefits, opportunities, and trade-offs concerning fuel treatments in the 
dry mixed conifer forests of northern California and the Klamath Mountains, Pacific Northwest 
Interior, northern and central Rocky Mountains, and Utah. Multiple interacting disturbances and 
diverse physical settings have created a forest mosaic with historically low- to mixed-severity 
fire regimes. Analysis of forest inventory data found nearly 80 percent of these forests rate 
hazardous by at least one measure and 20 to 30 percent rate hazardous by multiple measures. 
Modeled mechanical treatments designed to mimic what is typically implemented, such as 
thinning, are effective on less than 20 percent of the forest in single entry, but can be self-
funding more often than not. We provide: (1) exhaustive summaries and links to supporting 
guides and literature on the mechanics of fuel treatments, including mechanical manipulation, 
prescribed fire, targeted grazing and chemical use; (2) a decision tree to help managers select the 
best mechanical method for any situation in these regions; (3) discussion on how to apply 
prescribed fire to achieve diverse and specific objectives; (4) key principles for developing an 
effective monitoring plan; (5) economic analysis of mechanical fuel treatments in each region; 
and (6) discussion on fuel treatment longevity. In the electronic version of the document, we 
have provided links to electronic copies of cited literature available in TreeSearch online 
document library (http://www.treesearch.fs.fed.us/). 
Background and Purpose 
The purpose of the guide produced for this JFSP funded project was to provide the most up-to-
date information regarding the benefits, challenges, opportunities, and trade-offs among the 
different strategies and tools related to fuel treatment applications within dry mixed conifer 
forests of the western United States. Our geographic area included the dry mixed conifer forests 
in northern California and Klamath, Pacific Northwest Interior, northern and central Rocky 
Mountains, and Great Basin (primarily in Utah) and covers over 37 million acres (figure 1). This 
guide for managing fuels is not a “how to” or “cookbook” for fuels management, but rather an 
information resource that can be used to help plan and execute forest treatments directed at 
altering fire behavior and burn severity. All live and dead vegetation is fuel in dry mixed conifer 
forests. Thus, regardless of objective, all vegetation manipulation alters fuels and fuel dynamics. 
The guide does not prescribe or predict all of the possible outcomes of treating fuels in dry 
mixed conifer forests, but it does describe many common region-wide patterns as well as some 
of the more unique, site-specific observations associated with fuel treatments in these forests. 
 
Throughout the guide, we emphasize the importance of designing fuel treatments with the full 
range of potential fire behaviors in mind, in addition to the possible fuel and weather conditions. 
However, it is also important to address other disturbances and factors (for example, climate, 
diseases, insects, snow, and wind) that may impact treatment effectiveness and longevity. 
Because vegetation regenerates and develops rapidly in dry mixed conifer forests, ladder fuel 
development is also rapid, so maintenance (retreatment) may be essential for long-term 
effectiveness. Monitoring fuel development over short and long time scales and adjusting 
treatment schedules based on what is learned can ensure effectiveness in mitigating the effects of 
an unwanted fire. 
 
3 
 
There are many ways to remove or alter biomass, in the guide we focus primarily on prescribed 
fire and mechanical manipulation, though we also address targeted grazing and chemical 
applications. Accordingly, we present a variety of treatment tools and suggestions on where they 
are most effective in treating forest fuels. Prescribed fire is the preferred method in many settings 
but can be difficult to implement due to its complexity and risk. A successful prescribed fire is 
dependent upon factors such as the physical setting, short- and long-term weather, vegetation 
composition and structure, fuel moisture, and the knowledge and experience of the fire 
practitioner (Fernandes and Botelho 2003). 
 
There are several excellent fuel treatment syntheses already available that provide general 
information concerning fuel treatments that does not require repetition in this document. We 
refer to those documents and highlight the unique aspects and alternative views they provide 
with regard to dry mixed conifer forests. This synthesis focuses on providing knowledge 
associated with fuel treatment planning, implementation, and monitoring. Within a planning 
framework, this document can inform the process of defining the purpose of and need for a fuel 
treatment, help in determining where and when a particular fuel treatment needs to be conducted, 
and assist with integrating other resource objectives into fuel treatments. 
Description and Setting 
In the United States, dry mixed conifer forests occur from the northern and central Rocky 
Mountains to the Pacific Northwest and into the Great Basin, Utah, and California and 
throughout the Southwest. These forests are associated with complex fire regimes. 
Predominantly low and mixed severity wildfires historically burned through these forests leaving 
a variety of forest compositions and structures. Since the 1800s, insects, disease, fire exclusion, 
livestock grazing, timber harvesting, and widespread human settlement have shaped these 
forests. Stand structure, species composition, fuel dynamics, and forest succession have all been 
affected by fire regimes in these forests. One consequence is a proliferation of larger and more 
intense wildfires, such as the 2002 Biscuit Fire (500,000 acres), the 2007 Cascade Complex 
(302,376 acres), and the 2006 Tripod Complex (113,011 acres) (Prichard and others 2010; 
Thompson and Spies 2009). 
 
Dry mixed conifer forests challenge ecological classification systems because of the diversity 
and complexity of the landscapes where they occur. Many contain ponderosa pine and a mixture 
of other tree species in the overstory and understory and are highly productive. Dry mixed 
conifer forests often mix with both drier and wetter forests, creating a mosaic of forest types 
quite unlike the expansive stands of comparatively pure ponderosa pine found elsewhere in the 
West. Moreover, these forests occupy a variety of aspects, slopes, and topographic contexts, 
further contributing to the classification challenge. Past management and disturbance are also 
influential; ponderosa pine may not be present on every site classified as dry mixed conifer due 
to selective harvesting, fire exclusion, succession, fire, insects, disease, or other disturbances. 
The different combinations of disturbances and successional pathways can lead to a vast number 
of possible ground level and overstory vegetative compositions, structures, and mosaics (Jain and 
Graham 2005; Perry and others 2011; Quigley and others 1997a).  
 
Moreover, the disturbances that influence the species and structural diversity of these forests also 
operate at different time frames and spatial extents. Therefore, regardless of the fuel treatment 
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location, its timing, or its objective, it is important to recognize the dynamic nature of the forests. 
In other words, “one size does not fit all.” Fuel treatments should be tailored to the forest setting 
and the values they are designed to protect. The design and implementation of fuel treatments, 
however, is not solely influenced by forest and fire ecology. Social issues necessarily play an 
important role. For example, approximately 9 percent of the land area in the contiguous United 
States is considered wildland–urban interface (WUI) where houses intermingle with wildland 
vegetation.  However, approximately 39 percent of all houses occur within the WUI (Radeloff 
and others 2005). Dry mixed conifer forests of the American West in particular contain many 
areas that are attractive to those who prefer rural settings for living and recreation. Accordingly, 
fuel treatments in and around WUI communities focus on creating forest structures and 
compositions designed to protect homes and infrastructure and to enhance fire suppression 
effectiveness and firefighter safety. In contrast, much of the land base in Idaho, for example, is 
federally administered; consequently, treatments in the less populated areas may favor increasing 
forest resilience and may or may not be directly related to facilitating suppression. 
 
Figure 1. The focus of the synthesis area the dry mixed conifer forests in Idaho,Montana, 
Wyoming, South Dakota, Utah, Oregon, Washington, and northern California. 
                                          
Key Findings 
The synthesis is organized into three broad sections: ecology of dry mixed conifer forests 
(Section I), fuel treatment planning and implementation (Section II), and treatment feasibility 
and effectiveness (Section III). Where relevant, we have inserted manager comments, and inserts 
with information on related topics.  
 
Section I. The Ecology of dry mixed conifer forests (Chapters 1 through 5) describes the 
ecology of dry mixed conifer forests and emphasizes the forest elements that influence fuel 
treatment planning and implementation. This information can assist in discussions regarding 
desired forest conditions favoring resilience to fire and other disturbances. To describe the 
physical and biological setting, we used the LANDFIRE (2008) biophysical setting (BpS) 
classification system to categorize the various forest types of the dry mixed conifer forests within 
four broad geographic regions: northern California and Klamath, Pacific Northwest Interior, 
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northern and central Rocky Mountains, and Great Basin (primarily Utah) (Chapter 2). Chapter 3 
discusses the suite of disturbances (and their frequency and intensity) that influences the 
composition and structure of these forests, with some reference to specific areas, such as the 
Blue Mountains of Oregon and northeastern Washington. Chapter 4 provides a short summary of 
the management practices (for example, past timber harvests, fire suppression, grazing) that have 
impacted dry mixed conifer forest characteristics (for example, disturbances, vegetation, soils) 
and how these changes affect fuel treatment decisions. Chapter 5 is a summary of the current 
condition of the forests using information from the Pacific Northwest and Interior West Forest 
Inventory and Analysis (FIA) network http://www.fia.fs.fed.us/regional-offices/. 
 
Key Messages from Section I. 
• Dry mixed conifer forests are influenced by multiple disturbances (insects, disease, 
storms) and contain diverse topography and soils, and when combined, create a diverse 
set of vegetative compositions and structures. 
• Understory vegetation in these forests is diverse and can include grasses, forbs, shrubs 
and/or trees. Overstory canopies contain a minimum of two tree species, but can have as 
many as six different coniferous and/or deciduous tree species. Thus, depending on past 
disturbances, these forests are spatially and temporally diverse and contain many 
different structural and successional stages. 
• Dry mixed conifer forests experience low to mixed severity fire regimes. Low severity 
fire regimes tend to occur in landscapes with nominal topographic relief. Mixed severity 
fire regimes tend to occur in landscapes with complex topography and an abundance of 
tree and plant species and disturbances. 
• Historical and current use of these forests indicates that these forests are important to 
society.  
• Analysis of current conditions can reveal to what extent certain areas within the dry 
mixed conifer forests need some type of treatment to address fuel hazards, such as: 
surface flame lengths (>4 ft), probability of torching (>20 percent), torching index (<20 
mph), and mortality (>30 percent). Up to 80 percent of the dry mixed conifer forests 
contain at least one of these hazard elements and approximately 20 to 30 percent of the 
Douglas-fir, true fir, pine, and western larch have all four hazard elements. 
 
Section II. Fuel treatment planning and implementation (Chapters 6 through 10) focuses on 
the tools, techniques, equipment, and details associated with fuel treatment planning and 
implementation. This is not a “how-to” section, but rather a description of the steps, conditions, 
and situations to consider when implementing fuel treatments. In Chapter 6, we provide basic 
concepts and considerations associated with wildlife habitat relationships, with an introduction to 
the concepts and questions that are important when manipulating wildlife habitat. Chapter 7 is an 
overview of the fuel treatment planning process, covering general treatment principles, 
approaches, opportunities, and challenges. This chapter also discusses how to integrate a variety 
of objectives into fuel treatment planning. Chapter 8 covers techniques used to implement fuel 
treatments and discusses mechanical methods, chemical control and targeted grazing. This 
information is presented in the form of decision-support guides (checklists, flow charts, 
opportunities) for selecting a fuel treatment technique. Chapter 9 focuses on prescribed fire and 
discusses basic but important elements of conducting a successful prescribed fire. We include the 
elements of a burn plan, common oversights in fire planning, factors to consider when 
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implementing a prescribed fire, and unique dry mixed conifer forest situations that may require 
specific prescribed fire conditions to favor specific outcomes. In interviews, land managers 
stressed the value of monitoring in fuel treatment programs, but many also acknowledged that 
they lack the funding or expertise to effectively prepare and implement a monitoring plan. 
Chapter 10 presents a step-by-step process to aid in the development and implementation of a 
monitoring program. 
 
Key Messages from Section II 
• Based on our interviews with wildlife biologists, we developed three questions designed 
to improve communication between vegetation managers and wildlife biologists. The 
first question is “which habitat elements will the fuel treatments impact and for how 
long?” To address this question, we provide an expanded definition of plausible wildlife 
habitat elements, and encourage integration of these elements early in the planning stage. 
This information provides background to begin addressing the other two questions: 
“Which wildlife species could be impacted by fuel treatments?” “Will the fuel treatment 
improve, degrade, or have a neutral impact on the habitat and wildlife species?”  
• We propose taking an integrated approach in planning as a plausible method for 
addressing fuel treatments and other objectives. Integration involves the blending of 
multiple resources when designing objectives, which can then be used to develop 
management strategies for treatment placement and design (Stockmann and others 2010). 
This process promotes communication and mutual learning among different disciplines. 
The success of using integrated management strategies is dependent on the relationships 
among the involved managers, the public, and the element of uncertainty associated with 
ecosystem management.  
• Selection of a particular mechanical harvesting or surface fuel treatment depends on 
several factors including objective, current conditions, and the physical setting. The dry 
mixed conifer forests offer additional challenges in understory vegetation management. 
We cover the specific situations and opportunities in which mechanical harvesting, 
mastication, chemical herbicides, and targeted grazing may provide unique advantages. 
• There are a number of steps fire practitioners take before, during, and after ignition of a 
prescribed fire including burn plan, pre-burn considerations and weather, organization, 
equipment and communications, and complexity analysis. In addition, there are several 
unique situations that may benefit from a different approach. When restoring old forests, 
extra caution and modified burning parameters may be needed to protect individual trees. 
Killing understory vegetation such as seedlings, saplings, and shrubs may require a 
particular fire intensity and severity. 
• Fuel moisture often dictates prescribed fire outcomes in dry mixed conifer forests, so they 
are a critical parameter to consider.  
• Often there is neither the time nor funds to conduct thorough monitoring of treatment 
outcomes and longevity. However, time spent on monitoring design is time well spent if 
it leads to clear objectives and a focused, results-oriented monitoring protocol that can be 
sustained over time, even as responsibilities for data collection, management, and 
analysis are transferred among individuals over time. 
 
Section III. The economics, feasibility, longevity and effectiveness of fuel treatments is 
intended to be a “reality check,” focusing on the challenges and opportunities of fuel treatment 
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implementation. It covers, at least conceptually, what can and cannot be achieved through 
removal of fuels. In Chapter 11, we provide an evaluation of a set of potential fuel treatments 
and discuss the economic feasibility and potential for success of each using publicly available 
data from the U.S. Forest Service’s Forest Inventory and Analysis Program, coupled with Fire 
and Fuels Extension of the Forest Vegetation Simulator (FFE-FVS) and FIA BIOSUM (Biomass 
Summarization System) computer simulation programs (Fried and others 2005; Reinhardt and 
Crookston 2003). Chapter 12 addresses the current knowledge regarding fuel treatment longevity 
and effectiveness. 
 
Key Messages from Section III. 
• The economic feasibility of conducting fuel treatments can also offer challenges. 
Elements of forest and local industry infrastructure (mills, access, and bioenergy) all can 
dictate whether a particular area is treated. It is not possible to implement a fuel treatment 
in every place that would benefit from one, and there are many kinds of fuel treatments, 
only some of which will be effective in any particular stand. There are many stands 
where no fuel treatment is likely to be effective and many more where an effective 
treatment will be prohibitively costly. Therefore, it is important to understand the 
economic reality of treating fuels. 
• An understanding of forest fuel treatment longevity and the processes contributing to it 
are central to a complete evaluation of the effectiveness of treatment alternatives. The 
changes to fuel structures are a function of pre-treatment condition, post-treatment 
condition, site productivity, and time. Recognizing the elements that contribute to 
treatment longevity during the planning process may guide the selection of treatments 
and treatment combinations. We also include various appendices to supplement the 
information presented in some of the chapters. Appendix A presents current conditions 
using a series of histograms showing the distribution of current fire hazard on forest 
lands. Appendix B is a list of the variety of decision support tools available, with a short 
summary and listing of where to find the tools and supporting information on the 
worldwide web. Appendix C presents the local results from the economic feasibility 
analysis described in Chapter 11. Managers may want to review our results by region and 
forest type group, and this appendix will allow them to do so. Appendix D is a list of the 
Latin terms for the common names of species mentioned in the synthesis. Appendix E 
provides English to metric unit conversions. 
 
Management Implications 
Dry mixed conifer forests cover a broad and diverse region. Therefore, to provide regional and 
site-specific context to this document, we visited federal, state, and tribal land entities and 
interviewed over 50 resource specialists in Montana, Idaho, Utah, Washington, Wyoming, 
Oregon, South Dakota, and California. A specific set of questions guided the discussions 
between our research team and resource specialists/managers. There were 2 to 10 specialists 
present during these discussions. The specialists/managers who were interviewed included fire 
management officers, fuels specialists, wildlife biologists, fuels planners, hydrologists, forest 
staff officers, silviculturists, and others with shared responsibility for the planning and 
implementation of fuel treatments at sites within the synthesis area. Comments and discussions 
generated via this interview process guided both the organization and content of this synthesis. 
Throughout this document, we provide short summaries of the key points expressed by 
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specialists and managers. We emphasized openness and candor in discussions related to the 
challenges managers faced during the planning and implementation process; therefore, we have 
kept all interviewees anonymous. We appreciate the time each person set aside to participate in 
these discussions.  
 
Through our interviews, managers provided anecdotal information that we considered an 
important contribution to the knowledge of these forest systems. Some have been included 
within the chapters and are labeled “Manager’s Comment.” It is our hope that these valuable 
insights gained through hard-earned experience may stimulate new ideas or techniques to address 
comparable problems on similar sites or that they help others address completely different 
challenges. Comments and questions and subjects expressed through our interviews led to the 
rationale for each chapter, which is documented at the beginning of several chapters. Thus we 
hope this will provide a desk type guide for fuel treatment implementation. 
 
Relationship to other Findings and Ongoing Work on this topic 
 
For this synthesis, we combed through published materials (journals, U.S. Government 
documents, symposium proceedings, etc.) that address implementation of specific fuel treatments 
and consequences for fire behavior and intensity. Nonetheless, we could not review or 
summarize all of the available literature related to fuel treatments, soil protection, wildlife habitat 
management, and silviculture, to name a few of the relevant topics. Thus, we selected what we 
found to be the key literature that fit within the context of the planned objectives and goals of 
this synthesis. We used several available fuel synthesis documents (including other Joint Fire 
Science Program syntheses) and provide short summaries of their findings. In these cases, we 
only cite the synthesis document. When literature specific to dry mixed conifer forests was 
insufficient to address a particular subject, we also incorporated literature that is relevant to fuel 
treatments in other forest types (with qualification of the unique attributes of fuel treatments in 
these forests). In the electronic version of the document, we have provided links to electronic 
copies of cited literature available in TreeSearch online document library (http://www.treesearch. 
fs.fed.us/). However, some of the publications have copyright restrictions, and, in these 
situations, we provide the location where the document can be accessed. 
 
Future Work Needed 
 
Information concerning fuel treatments is continuously being produced. As we wrote the 
synthesis, an abundance of articles with specific research results continued to be released. The 
advantage of a comprehensive synthesis is it provides a suite of information in one place. The 
challenge we had writing the synthesis was to find the balance between too much versus too little 
information. The work needed in the future is to provide not just the information from individual 
studies; but provide linkages and synthesis of the information over time. A possible avenue 
would be through the Fire Science Consortium Network. 
The dry mixed conifer forests are complex, one key question that often surfaced in our 
interviews was what are these forests are supposed to look like when restored? We did not find a 
clear, consistent, and concise answer; except that they are diverse and experience multiple 
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disturbances (chapter 3).  Although there was considerable amount of information on fire as a 
disturbance; very little information on the other disturbances and their subsequent effects on 
fuels and their contribution toward creating a mosaic of different forest compositions and 
structures, all of which influence the vegetation mosaic and subsequent fire regime. 
Fuel treatment longevity is an important, often-overlooked consideration in fuel treatment 
planning. As Reinhardt and others (2008) note, “A common misconception is that fuel treatments 
are durable and will last for a long time. In reality, fuel treatments have a somewhat limited 
lifespan.” Fuel loads, as well as their availability, change tremendously following treatment. This 
is true in both the short- term and long-term. Although it is important, fuel treatment longevity is 
often overlooked, or oversimplified. This is even apparent in modeling: when projecting fuel 
conditions into the future, model users often maintain static fuel values (Varner and Keyes 
2009).  
Deliverables: 
Two comprehensive handbooks: the original proposal was to conduct the synthesis over the 
entire western United States. However the synthesis area was split with Alexander Evens 
conducting the synthesis for the southwestern portion of the United States. Thus we were only 
producing one handbook. This has been accomplished and has been submitted to Joint Fire 
Science. 
Case Studies – When we conducted our interviews; the direction of the synthesis changed 
because of the manager comments. What surfaced from these interviews were planning (chapter 
7), wildlife (chapter 6), and communication among disciplines and collaborative groups (chapter 
7). Thus we refocused our synthesis to include chapter on planning (chapter 7) which contain 
sections that focus on communication and a chapter discussing wildlife attributes to consider 
when implementing fuel treatments (chapter 6). To incorporate local knowledge we added 
“manager comments” in many of the chapters in the fuel treatment planning and implementation 
(section II).  This replaced the case study chapter and publication. 
The managers preferred the ability to link to the literature that was cited; rather than the 
production of a web page. We could not do both, therefore we focused on the interactive 
literature list. This list allows the reader to obtain the cited material when available. (Located at: 
http://www.fs.fed.us/rm/pubs/rmrs_gtr292/rmrs_gtr292_references.html).  
We did not focus the synthesis toward producing web-based tools for the following reasons: 1) 
many tools were available that had far more detail than what we could provide within the scope 
of the project and 2) the managers emphasized the need not to have another set of web-based 
tools. However, to replace this deliverable, we provided a list of web-based and other tools as an 
appendix (see appendix B), each with the internet address. 
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Other deliverables: The Rocky Mountain Research Station through National Fire Plan 
supplemented this study with funds to publish a CD which includes the synthesis and electronic 
versions of available literature that was cited and to produce 3 to 5 fact sheets (2 sided, one page 
briefs) that focus on specific elements discussed in the synthesis. We are hiring a science writer 
to create these fact sheets and we are preparing them now. 
The published copy of the fuel synthesis and CD will be available in December 2012 
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